Patterns of disaccharidase expression were used to determine which polysaccharides were the major sources of carbohydrate for Bacteroides ovatus growing in the intestinal tracts of monocolonized germfree mice. Results indicate that B. ovatus grows on a variety of different carbohydrates, which are present in low concentrations, rather than relying on one type of carbohydrate as the major carbohydrate source.
Bacteroides ovatus, a species of gram-negative obligate anaerobes found in the human colon, can utilize a variety of polysaccharides (5) . Presumably, the ability to obtain carbon and energy from polysaccharides contributes to the survival of B. ovatus in the intestinal tract because most of the carbohydrate that reaches the colon is in the form of polysaccharides. The versatility of B. ovatus raises the question of whether it acts as a scavenger in the intestine, utilizing small amounts of many different polysaccharides, or whether it preferentially utilizes abundant polysaccharides such as xylan. Previous studies, in which mixtures of polysaccharide utilization mutants of B. ovatus and the wild type were used to colonize the intestinal tracts of germfree mice, had indicated that ax-galactosides might be important substrates for B. ovatus growing in the intestine (6, 7) . Mutants deficient in the ability to utilize the galactomannan guar gum were unable to compete with the wild type in the germfree mice (6) . A mutant of B. ovatus in which an a-galactosidase gene (a-galactosidase III) was disrupted was also unable to compete with the wild type (7) . However, the role of (x-galactosidase III was not clear. It had no role in galactomannan utilization, nor was its expression induced by any of the polysaccharides tested (7) . A possible explanation of the deleterious effect of this mutation was that the inducing ot-galactoside substrate was not commercially available but was abundant in the chow diet fed to the mice.
To assess which polysaccharides were important substrates for B. ovatus growing in the intestines of monocolonized germfree mice, we took advantage of the fact that disaccharidases of B. ovatus are generally expressed at high levels only when bacteria are growing on the inducing substrate. Thus, disaccharidase expression patterns of B. ovatus taken directly from the ceca of monocolonized mice should indicate which polysaccharides were being utilized in the intestine. Although a-galactosidase expression patterns of B. ovatus had been determined previously (1, 7), expression patterns for other disaccharidases had not been established. Disaccharidase activities in extracts of B. ovatus growing on different carbohydrates were determined as described previously for a-galactosidase (1, 7) . Conditions used to assay a-galactosidases proved to be optimal for the other disaccharidases as well (data not shown It is interesting that some of the disaccharidase activities produced during growth on some polysaccharides (Table 1) were not necessarily the ones expected from the structure of the polysaccharide. For example, since xylan contains a-linked arabinose branches and a p-linked xylose backbone, elevated expression of a-arabinosidase and P-xylosidase activities would be expected. However, in addition to these activities, there was also a relatively high level of ao-galactosidase activity in the xylan-grown cells. The pI of this activity suggested that it was due to a-galactosidase II, an enzyme whose synthesis was induced by melibiose, raffinose, and stachyose (1) . Similarly, whereas most of the sugar residues in hog gastric mucin are 3 linked, the highest disaccharidase activities in B. ovatus grown on mucin were those of a-glucosidase and a-galactosidase ( in the ceca of the germfree animals. Ceca and contents from three mice were pooled and homogenized in 50 mM potassium phosphate buffer (pH 7.3) at 4'C, and a bacterial fraction was obtained by differential centrifugation as described previously for Bacteroides thetaiotaomicron (3, 4) . Bacteria in this fraction were disrupted by sonication, and the cell extracts were assayed for the disaccharidases listed in Table 1 . pI values of the activities were also determined. Results are shown in Table 2 .
The highest activities in the bacterial fraction taken directly from the ceca of the colonized mice were p-glucosidase, ax-glucosidase, and cx-galactosidase ( f-, specific activity of less than 0.1 U/mg of protein.
g pI = 6.9.
h pl = 5.6.
enzymes were bacterial in origin because little or no disaccharidase activity was detected in homogenized cecal extracts from uncolonized mice (data not shown). The pattern of disaccharidase expression in bacteria taken directly from the ceca corresponded most closely to the pattern seen when B. ovatus was grown on galactose (Table 1) or when galactose-grown bacteria were added to cecal contents from an uncolonized germfree mouse and processed in the same way as the bacteria from the colonized mice (Table 2) . (Gal) , was added to the contents of three ceca from uncolonized mice. Then, the bacterial fraction was obtained and the enzymes were assayed as described for the monocolonized mice.
c The pl value shown for each activity was the same in each of the separate trials.
d Activity was low but detectable in overnight incubations.
Although most activity in the bacterial fraction from colonized mice had a pl of 6.9, a small amount of activity having a pl of 5.6 was detectable. Only pl 6 .9 activity was detected in bacteria grown on Man or Gal and added to cecal contents.
f-, no activity detected even after overnight incubation.
The results in Table 2 rule out most of the substrates shown in Table 1 
